Introduction
Magnetic particles display unique properties under magnetic field, which are the basis for a wide range of research. Examples of biomedical applications of magnetic particles include magnetic agents for MRI contrast enhancement [1] , hyperthermia [2] , drug targeting [3] , magnetic separation [4] , magneto-optical biosensing [5] , cell biophysics [6] , and biological engineering [7] . Notably, almost all of these applications are based on the magnetic manipulation of magnetic particles, which gives magnetic biosensors the advantages of fast reaction times, easy of use, and high sensitivity. Specifically, applications of magnetic nanoparticles for point of care medical treatment include functionalized fluorescent magnetic beads for ultrafast medical diagnosis, biosensing using Hall biosensors, detection of sub-200 nm magnetic particles by magnetically induced self-assembly, and label-less homogeneous biosensing by magneto-optical scattering [5] . Now, colloids consisting of mixtures of paramagnetic and nonmagnetic particles in a magnetorheological (MR) fluids display equally fascinating properties because the MR fluid being a magnetic medium, it acts on both types of beads simultaneously. As shown in Fig. 1 , using such multiple-component systems, colloidal superstructures with multi-pole symmetry such as 'Saturn-like rings' and flowers can be produced by the application of external magnetic fields to these types of colloid solutions [8] .
Intriguingly, the configuration of the ring structures depends not only on the concentration of the MR fluid, but also on the magnetic field intensity, and the concentration ratio between individual components.
We investigated the possibility of exploiting this magnetically induced self-assembly of rings for biosensing. We attached probe molecules (streptavidin) and target molecules (biotin) to superparamagnetic beads and nonmagnetic beads respectively, and found that the ring-structures remained stable even after removing the external magnetic field because of biomolecular iteractions between the streptavidin and biotin. Since the shape of the ring-structure that we created is just like a flower, we define the small nonmagnetic beads around it as 'petals'. It has been proven statistically that the average number of ring petals is a function (a linear function at low concentration) of the concentration of biotin, thus this procedure can be applied in biosensing. Importantly, because of the driving force generated by the external magnetic field, the measurement only takes a few minutes, which makes this method very promising for applications requiring rapid point of care diagnosis.
Experimental
We conducted two series of experiments in our protocol: magnetic field intensity series and biotin concentration series.
In the former was used to confirm magnetic forces governed the formation of the ring-structures. Samples consisted of solutions of 2.8μm diameter streptavidin-coated paramagnetic beads, 0.8μm diameter biotin-coated non-magnetic beads and MR fluids. Tunable magnetic field is generated by a coil, for 3 minutes, room The yellow, blue and small green balls represent paramagnetic beads, nonmagnetic beads and MR nanoparticles respectively. When an external magnetic field is applied, at the "equator" of a paramagnetic particle, the total magnetic field equals the dipolar field of the paramagnetic particle subtracted from the external field, which is a minimum, so the magnetic force drives nonmagnetic particles to this area. A b s t r a c t s o f t h e 2 0 1 1 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , N a g o y a , 2 0 1 1 , p p 1 0 9 3 -1 0 9 4 temperature. The statistical analysis of the number of petals on the rings was based on high definition optical photographs.
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In the second series experiments we explored the relationship between biotin concentration and number of remnant ring petals, which is the basis for biosensing applications of this phenomenon. Fig. 2 shows perfect ring structures we produced by applying magnetic fields to the colloid solution. In this structure, the larger paramagnetic beads for the cores, are surrounded by nonmagnetic beads. Every 'flower' had 8~12 petals. Fig. 3 is an SEM image of a remnant ring structure. Fig. 4 shows the results of the biotin-avidin experiments, where we observed a distinct relationship between the concentration of biotin and the average number of petals surrounding the core paramagnetic beads. And in the low-concentration region, there was a linear relationship as the yellow line in Fig. 4. 
Results

Conclusion
We developed a new biosensing protocol based on magnetically induced self-assembly of colloidal ring-structures. A suspension solution containing paramagnetic particles, non-magnetic particles and MR fluid was exposed to an external magnetic field for a few minutes. Due to magnetic forces, ring-structures were formed. In experiments where the particles were coated with streptavidin and biotin, the rings remained even after removing the magnetic field. The average number of remnant ring petals was a function of the concentration of target molecules (biotin) with a concentration range of 0.0768 ng/mL ~ 3.8419 ng/mL. Thus, our technique is applicable for biosensing.
Compared to the methods which are commonly used nowadays such as enzyme linked immunosorbent assay (ELISA), gel-shift assay, quartz crystal microbalance (QCM), surface plasmon resonance (SPR), our protocol is much cheaper, and with the support of pattern recognition and statistics software, the detection time can be cut down to just a few minutes. Finally, combined with a portable microscope, which can already be purchased in the market, this method is expected to be a promising method for diagnosis in remote areas or in fieldwork. 
